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VIBRATION GENERATING DEVICE OF SMALL WIR^te^^MAC^IlJE^ 

BACKGROUND OF THE TNVKNTIQN 
[Technical Field of the Invention] ^ 

>xa ■ 



The present invention relates to a vibration generating -<> 
device used for a call or the like of a small wireless machine,' % ^ 



for example, a portable or mobile telephone. % 
[Prior Art] 

In recent years, as a kind of a small wireless machine, 
such as a paging system small wireless calling machine, a PHS, 
or a portable, mobile telephone, a machine of a type having 
a built-in vibration generating device made by eccentrically 
coupling a vibrator of high specific gravity metal to a rotating 
shaft of a motor ^ecomef popular. According to the small 
wireless calling machine or the like having such a built-in 
vibration generating device, instead of generation of a ringing 
tone, a vibration is generated by the rotation of the vibrator 
so that it is possible to confirm reception wit hout be ing knewn 
3*^ another person even in, for example, a crowd or a meeting * 

Conventionally , the vibration generating device of this 
kind of small wireless machine is constructed such that a 
vibrator f^mtpe^^^ a non-cylindrical shape is integrally 
coupled with a rotating shaft of a small motor connected to 
a signal generating circuit of the small wireless machine. 
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This vibrator is made of a high specific gravity metal molded 
J ky^ a powder metallurgical method^ ^cylindrical boss portion 
is integrally formed at an eccentric load portion of a 
substantially fan-shaped section* ^rotating shaft is inserted 
into an attachment hole formed in the boss portion , and the 
boss portion is plastically deformed by caulking, so that the 
boss portion and the rotating shaft are«de close to each other T*L 
^ntd-4t is integrally coupled to the rotating shaft. 

According to the conventional vibration generating 
device lAtee this, since the vibrator itself is caulked and is 
directly coupled to the rotating shaft, as compared with 
another conventional jjj&e in which a vibrator is fixed to a 
rotating shaft through an adhesive or other coupling -pa«%6v 
there is r pc merit that it becomes possible to reduce the number 



erf \i^xcrtw\ ^^twrt^k ejeaefc 

-S • s 



of parts^ 

However, in the above conventional vibration generating 
device, since the attachment hole must be formed in the inside 
of the cylindrical boss portion of the vibrator, there has been 
a problem that when the vibrator is molded by pressing a powder > _Mgf\ 
raw material, it is difficult to fill the powder raw material^ 
especially in a shaping die portion of the boss portion having 
a thin outer periphery, and the yield of the vibrator is 
lowered-. i 

B ocidoc , for the purpose of satisfying a demand for 
miniaturization in recent years, an attempt has been made to 



2 



form the vibrator itself to be small. However, since the boss 
portion around the attachment hole becomes very thin, there 
has (^een\alsoyanother problem^that when caulking is raa&e by 



„ _arge force, a crack is likely to be generated^ nsmelO i the 
other hand, if the caulking force is low, a desired pull-out 
strength can^not be obtained, with the result that the 
adjustment of the caulking force becomes difficult. 

"tiStamx* J^s another conventional vibration generating 
device, there has been a proposalJbhat as shown in FIG. 10 and 



FIG. ll^iftgroove portion 4yLn which a rotating shaft 3 is fit|f<§$& 

j ^ 3 ctt^d ' . ' .... _ 



is formed at £he eeirtrnr portion of an eccentric load portion 

2 of a vibrator l^Jptde walls Svwhich betzoms both side edge 

portions of the groove J^are integrally formed bxubuig4M3tg from 

J\ J A 

the eccentric load portion 2 along the groove portion 4 . The 
4Mafeer portions of tip portions of the side walls 5^in tjtfe axial 
line directicnware caulked from an opening side of the groove 
portion 4 pp a bottom side> by a caulking punch 7^i^^^ieteHfetes 
tip end is shaped into an R shape (or round shape) or a 

A ^ water hrtm^t^ 

rectangular parallelepiped shape, so that &ter~rsr integrally 
coupled to the rotating shaft 3. 

According to the conventional vibration generating 
device described above, there are merxt^that molding is easier 
than the vibrator including the boss portion in which the 
attachment hole is formed, so that manufacture yield can be 
improved^ -and lizen in the case where the vibrator 1 itself 
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becomes small, as compared with the case where the thin portion 

such as the outer periphery of the boss portion is caulked, 

there is little fear that a crack is generated. 

However, in the conventional vibration generating 

device shown in FIGS- 10 and 11, when the tip portion end 

surfaces of the side walls 5 are caulked, the wh^ie width 

dimensions from tKe sides of the groove 4 to sides outer 

peripheries 6 are crushed and, therefore, a high caulking force 
A 

is required. However, since the rigidity of the portions of 

b^CQl&e of 

the side walls 5 at the sid^>of the groove 4 is h^gh|-fefe¥e«gh 
the rotating shaft 3 , when plastic deformation is made, bulging OC 



is mainly caused toward the sides eye the outer peripheries 6 
which become free ends, and as a result, there has been a problem 
that a high pull-out strength cari^iot be obtained. Besides, 
as a result^tWe high caulking force ^required, when an attempt 
to increase a tungsten content is made to obtain a desired 
vibration^ even in the case where the vibrator 1 is made small 
in diameter, it becomes brittl r tn mntrrinl j so that there has 
also been a problem that a' crack is likely to be generated in 
the caulked side walls 5. 



SUMMARY. OF THE INVENTION 
The present invention has been made in view of the above, 
and a principal object of the present invention is to provide 
an improvement in a vibration generating device for a small 
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wireless machine. 

Another object of the present invention is to provide 
a vibration generating device of a small wireless machine in 
which manufacture of a vibrator is easy, the vibrator can be 
coupled to a rotating shaft of a motor at a high pull-out 
strength even b Y^ a low caulking force, and the whole device 
can be further miniaturized. 

According to a first aspect of the invention there is 
provided a vibration generating device of a small wireless 
machine^ncludes a vibrator integrally coupled to a rotating 
shaft of a motor^ wherein-a groove portion in which the rotating 
shaft is fitted is formed in an eccentric load portion^^ide 
walls bulgj.n .6f from the eccentric load portion^and forming both 
side edge portions of this groove portion, are foamed ^ and * a 
portion of a tip portion end surface of^tefeie-side wal3$^xcept 4 
an outer peripheral portion of the side wal^and at a side of 

from an opening side of the groove 
„ nhat the vibrator is integrally 

.A 

coupled to the rotating shaft. 

-Bftg.i.dfrs , Recording to a second aspect of the invention 

there is provided a vibration generating device of a small 

wireless machine in which a vibrator is integrally coupled to 

a rotating shaft of a motor, wherein an eccentric load portion 

is formed into a truncated fan shape in which a oonto - r angle 

is less than 180° ^ s^Jbl^te^ has a flat surface at a rotational 

9 s 




- ■ eoniu o r side* pf groove portion in which the rotating shaft is 
fitted is formed in the flat surface^ Side walls forming both 
side edge portions of this groove portion are-f oirmcii^ffi portion 
of the flat surf ace. except an outer peripheral side portion 
of the side wal3$and at a side of the groove portion^is caulked 
from an opening side of the groove portion £6 a bottom side, ^>> v 
so that the vibrator is integrally coupled to the rotating 
shaft. 

Further, according to a third aspect of the invention, 
which is a modification of the first aspect or second aspect 
of the invention, there is provided a vibration generating 
device of a small wireless machine,^ wherein a caulked portion 
formed into a concave shape in the tip portion end surface of 
the first aspect or the flat surface of the second aspect, 
respectively, ^fr-fc-frcr Ih vontjten by caulking from the opening 
side of the groove portion po the bottom side is formed so that 
a length dimension at the side of the groov^Ln an axial line 

direction is longer than a length dimension at an outer 

Off ~\W <\<oon* DoK-Ws 
peripheral side, a * 

^ Jrf tjae fourth aspect of the invention, in a width 

dimension W of the tip portion end surface or the flat surface 

as recited in any one of the first to third aspects,^ from the 

side of the groove^to the outer peripheral s ^"^ a ^ange of 

0.25 W to 0.9 W from an edge portion at the side of the groove^ 

is caulked. 
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Further, in the fifth aspect of the invention, the groove 
portion of the vibrator as recited in any one of the first to 
fourth aspects is formed to have such a size as to internally 

contain a range exceeding a-eeirter angle of 180 of the rotating 
shaft^J^Tnd^an opening width W a of the groove portion is set 
so that a raticx ^Wf/D^ to a diameter D of the rotating shaft 
of the motor^is in a range of 0.70 to 0.95. 

In the vibration generating device of the small wireless 
machine as recited in any one of the first to fifth aspects 
of the invention, the rotating shaft of the motor is fitted 
in the groove portion, and in the tip portion end surfaces or 
the flat surfaces of the side walls forming both tj*e side edge 
portions of this groove portion, the portion^excep^the outer 
peripheral side portion and at the side of the groo^^is caulked 
J26 the bottom side of the groove portion^ ff a there afe compared 
with the conventional vibration generating device shown in PIG. 
10 and FIG. 11, it becomes possible to couple the vibrator to 
the rotating shaft by a lower caulking force. At *te4*ie time, 
the outer peripheral portion of the side wallSwhich not 
caulked^ function^ as jt wall port ion^ against the plastic 
deformation in the caulked portion, and consequently/ the 
greater part of the caulked portion is j w ri? g ed jba the groove 
x sid e. Then, the vibrator is firmly fixed to the rotating shaft 
J?y three points wf the bottom portion of the groove portion, 
and both the bulgod side walls . Thus , according to the vibration 



generating device of the present invention, the manufacture 
of the vibration generating device is easy, and further, it 
is possible to couple the vibrator to the rotating shaft of 
the motor at a high pull-out strength even by a lower caulking 

A 

force. 

From the above, according to the vibration generating 
device of the present invention (as recited in any one of the 
first to fifth aspects) , since the vibrator can be firmly fixed 
to the rotating shaft of the motor by a lower caulking force 
than the prior art, it is possible to realize 
miniaturization and lightening of the vibratory t - he - 
miniaturization and lightening of the vibration generating, 
device and the > wh cJ»e of the small wireless machine. « B es &deg , 
-as — a .result the caulking load can be made small - an d — 
generation of a crack oft the vibrator can be prevented, ta - ho * 
productivity of the vibration generating device is improved, 
and it becomes possible to improve the vibration efficiency 
by realization of the high specific gravity of the vibrator* 

Here, especially in the third aspect of the invention 
described above, the length dimension of the caulked portion 
in the axial line direction at the side of the groove where 
most portions are bo gg e d £cr the side of the rotating shaft^ 
becomes larger/that at the peripheral side which functions as 
the wall portion when the caulked portion is plastically 
deformed^ ao that tne vibrator can be coupled to the rotating 



shaft of the motor at a high pull-out strength by a lower 

A A 

caulking force. In addition , it becomes possible to use tjafe 
caulking punch which can be easily manufactured and has a 
circular shape in cross section, and the use life of the 
caulking punch can be greatly ^ olongateo d. 

fourth aspect of the invention is based upon any one 
of the first to third aspects of the invention described above. 
Namely, in the tip portion end surface or the flat surface of 
the side wal3r, when the portion ^except the outer peripheral 
side portion; and^at the groove side&is caulked j*6 the bottom 
^aidp of the groove portion, in the width dimension W of the 
tip portion end surface or the flat surface from the groove 
side to the outer peripheral sid^ it is preferable to caulk 
the range of 0.25 W to 0.9 W from the edge portion of the side 
of the groove portion. At this time, in the case where the 
caulking width dimension is small, it is sufficient if the 
caulking length dimension in the axial line direction is made 
large, and on the contrary, in the case where the caulking width 
dimension is large, even if the caulking length dimension in 
the axial line direction is small, a sufficient pull-out 
strength can be obtained. The range of caulking is limited 
to the range of 0. 25 W to 0.9 W because, if the range is smaller 
than 0.25 Ttf^it becomes difficult to obtain a sufficient plastic 
deformation amount to firmly fix the vibrator to the rotating 
shaft of the motor, wtwrire if the range exceeds 0.9 W^Lthe 
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foregoing function the wall portion against the plastic 
deformation of the caulked portion is decreased, and as a result, 
the outer peripheral portion is also forcibly deformed outwardly 

Max 

Beodido'c , the shapes of the side walls may be formed so 



and bh£itfroi l fa the pull-out strength is lowered. 



that the whole of the groove portion becomes U-shaped by 
erecting the side walls from both side edges. In this case, 
in the state where the rotating shaft is fitted in the groove 
portion, the rotating shaft is internally contained in the 

groove portion within the range of a Gj&ELL&r angle of 180 

On the other hand, like^the fifth aspect of the invention, when 

the groove portion of the vibrator is formed to have such a 

size that the range of the aon - fror angle of 180° or more of the 

rotating shaft is internally contained, and the opening width 

of ^ 

W x of the groove portion is set so th^t the ratio frW i / D ') to the 
diameter D of the rotating shaf ^becomes j^the range of 0.7 0 
to 0.95^ J&$* the plastic deformation of the side wall after 
caulking, it is possible to fill the opening portion of the 
groove portion more effectively and to firmly fix the vibrator, 
is preferable. 



BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a front view showing a caulking state according 
to a first embodiment of the present invention. 

FIG. 2 is a longitudinal sectional view of a vibrator 
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of FIG. 1. 

FIG. 3 is a perspective view showing the first embodiment 
of the present invention, 

FIG. 4 is a front view showing the shape of a vibrator 
according to a second embodiment of the present invention. 

FIG. 5 is a front view showing a state where the vibrator 
of FIG. 4 is caulked. 

FIG. 6 is a front view showing the shape of a vibrator 
according to a third embodiment of the present invention. 

FIG. 7 is a longitudinal sectional view of the vibrator 
shown in FIG. 6. 

FIG. 8 is a perspective view showing a fourth embodiment 
of the present invention. 

FIG. 9 is a perspective view showing a modified example 
of the fourth embodiment. 

FIG. 10 is a front view showing a caulking state in a 
conventional prior art vibration generating device. 

FIG. 11 is a perspective view showing the conventional 
prior art vibration generating device caulked as shown in FIG. 
10. 

,fc>*llB> r^ C ^^ EMBODIMENTS (OF THE INVENTION ^ 

(First Embodiment) 

FIGS. 1 to 3 show^ a vibrator 10 according to a first 
embodiment of the present invention. The vibrator 10, which 
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is made of a high specific gravity metal molded powder 
metallurgical technique, has a substantially fan-shaped cross 
section with an axial line O as the center, and (^^^whole^ 
fan-shaped portion (eccentric) from the axial line 0 becomes or 
serves as an eccentric load portion 11. In the vibrator 10, 
a groove portion 13 in which a rotating shaft 12 of a motor 
is f itted^and which has a bottom portion of a(^mieiafeie) almost 
equal to the diameter of the rotating shaft 12^is formed at 
the(center) portion of an outer peripheral arc which depicts 
the fan shape of the eccentric load portion 11. Further, side 
walls 14 which \bulge^ from the eccentric load portion 11 in 
parallel with each other, and jbecomejopposed side edge portions 
of the groove 13^are integrally formed at both (the) side edge 



portions of the groove portion 13. In this kind of vibrator 
10, generally, an arc radius of the eccentric load portion 11 
is as v^tfy small as several mm, and consequently, it is 
difficult to distinguish between vibrators of different sizes, 
so that concave identification marks 16 of various shapes 
(circle in the drawing) indicating the size of the vibration 
generating device 10 are formed at both end surfaces of the 
eccentric load portion 11. 

Then, in a tip portion end surface 14a of the side wall 

_ ./ Q ctvvtvoA but wtf qAr 

14,<m& at t^hfe eesvbe-r portion .-except both end portions in the 

" v J ^ ; A ■■-^^ 
direction of the axial line O, a portion 14c. except 2an outer 

A . - . -v> ■ $ . . A A ■ 

peripheral side portion 14b of the side wall 14 and at the side 



of the groove 13^ is caulked by a rectangular parallelepiped 
caulking punch 15 from an opening side of the groove 13 to a 
bottom sicfe^ so that the above vibrator 10 is integrally coupled 
to the rotating shaft 12. Here, in a width dimension W of the 
tip portion end surface 14a from the side of the groove portion 
13 to £ne outer peripheral side, the portion 14c to be caulked 
at the side of the groove portion 13 is set in the range of 
0*25 W to 0,9 W from the edge portion at the side of the groove 
13. 

I-nedrdo^t-a-lly-Tr ^The rotating shaft 12 can be made of 

stainless, for example, SUS 420 or the like. •Besides^ the 

A 

vibrator 10 is preferably molded by using an ultra heavy alloy 

material of a specific gravity of about 17 to 19 g/cm^f, for 

example, W-Ni system, W«Nl-Fe system^ W-Ni-Cu system, W- 

Mo-Ni-Fe system, or the like and by a powder metallurgical 

' A 

technique. Specifically, a mixture powder of a composition 
made ofl^y W powder of 89 to 98 weight %, and Ni powder of 1.0 
to 11 weight %, or a mixture powder of a composition containing 
the W powder and Ni powder in the above range of weight %, and 
one or more kinds of Cu of 0.1 to 6 weight %, Fe powder of 0.1 
to 6 weight % , Mo powder of 0 . 1 to 6 weight % , and Co powder 
of 0.1 to 5 weight % is or are compacted into a fan plate shape 
by a pressure of 1 ton/cm^ to 4 ton/cm?^ a**d this compact is 
liquid phase sintered in a hydrogen gas stream &t a dew point 
of 0°C to -6°C or an ammonia decomposition gas, and thereafter, 
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j£ is further heated in the temperature range of 700°C to 1430°C 

± 30°C in a vacuum, neutral or reducing atmosphere^ ^adHthen, 

a heat treatment pr rapidly cool£«§ ;kt to at least 300°C at 

a cooling rate of 40°C/min or more is performed - 

In the composition of tfee vibrator 10 li&e^h-rs , when 

the W (tungsten) content exceeds 98 weight %, the specific 

gravity becomes high although the malleability (or ductility) 

is lowered, and in the case where j& is less than 89 weight %, 

a predetermined specific gravity cant&iot be obtained, and»;fct 

beere mo o- di c a -dv^a n tag eoub 1 as" this 1r Jhna "3ctf vibrator^ Bes±des-y 

Also in the case where the Ni( nickel ) content exceeds 11 weight %, 

a predetermined specific gravity cannot be obtained, and in 

the case where is less than 1.0 weight %, sintering does 

not p3fS^e?d. Further, although Co (cobalt) has the same effect 

~j-V\€^ Co COM\tfV\f 
as Ni, when p£ is less than 0-1 weight %, a sufficient effect 

of thH" addition can^not be obtained, and on the other hand, 

even if exceeds 5 weight %, an adequate effect canQ^not be 

obtained and the manuf acture^becomes i^ee^eeite^l. When the 

Cu powder and Fe powder are contained, although a sintering 

temperature can be lowered, a predetermined specific gravity 

cannot be obtained in a range over the above upper limit value. 

According to the vibration generating device of the small 

wireless machine having the above structure of composition, 

the rotating shaft 12 of the motor is fitted in the groove^l3, 

and in the tip portion end surfaces 14a of the side walls 14 
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forming both tfefe side edge portions of the groove portion 13 , 

ok / 

except the outer peripheral side portion^>14b r in the width 

pillow 

dimension W from the side of the groove 13 to tfefe outer 

peripheral side, the portion 14c in the range of 0.25 W to 0,9 

W from the edge portion at the side of the groove^l3 is caulked 

by the caulking punch 15 toward the bottom side of the groove pcr<1|0V\ 

13, so that as compared with the conventional vibration 

generating device as shown in FIGS. 10 and 11, it is possible 

to couple the vibrator to the rotating shaft b^a lower caulking 

force. 

side 

At this time, since the outer peripheral portion 14b of 

A 

the side wall, which is not caulked, functions as a wall portion 



againfet the plastic deformation pai the caulked portion 14c, 
the greater part of the caulked portion 14c is ta*s fepgd?~to the 
side of the groove ^13, and consequently, the vibrator 10 can 



be firmly fixed to the rotating shaft 12 pf three points jq£ 

the bottom portion of the groove 13, and both fehe bulge d-sAde 

A 

^waii». Thus, manufacture of the vibrator 10 is easy, and the 
vibrator can be coupled to the rotating shaft of the motor at 
a high pull-out strength even b y^a low caulking force. 

According to the vibration generating device described 
above, since the vibrator 10 can be firmly fixed to the rotating 

atrial Aprt of 

shaft 12 by* a lower caulking force than the prior art, 

f\ A 
miniaturization and lightening of the vibrator 10 itself, and 

further, miniaturization and lightening of the vibration 
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generating device and the whole of the small wireless machine 
can be realized. Besides, since the caulking load is made*- 
small and t^fe generation of a crack in the vibrator 10, 
especially at the side wall 14 can be prevented, it becomes 
possible to increase the productivity of the vibration 
generating device and to improve the vibration efficiency 
through realization of the high specific gravity of the 
vibrator 10. 

[Experiment] k I 

An experiment was m a de in which the pull-out strength 

of the vibrator 10 fixed to the rotating shaft 12^by^the caulking c^HMCi 

according to the present invention^ was compared with the 

pull-out strength of the conventional vibrator 1 fixed to the 

rotating shaft 3 by the conventional caulking shown in FIGS* ' 

A A 

10 and 1.1, In the comparison experiment, by using the 

vibrators 1 and 10 and the rotating shafts 3 and 12^respectively^ 

having the same shape, five vibration generating devices were 

produced in each group. 

In the above vibrators 1 and 10 used for the experiment , 

the outer diameter of each of the eccentric load portions 2 

and 11 was 3 mm, the length in the direction of the axial line 

0 was 5 mm, the inner diameter of each of the groove$^4 and 

13 was 0.4 mm, the height d4afte**s±on of each of the side walls 

5 and 14 from the bottoms of the groove^ 4 and 13 was 1.1 ram, 

/V 

the width d*Br@ffgT5?i W of each of the side walls 5 and 14 was 
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0.7 nun, and the outer diameter *dimfc»a±a&n of each of the rotating 
shafts 3 and 12 was 0.8 mm. 

jaeJSuLdLasL, the conventional vibration generating 

device, the side wall 5 extending over the wh o l e width dimension 
was crushed JA a length of 2.6 mm in the axial line direction 
by the caulking punch 7. On the other hand, in the vibration 
generating device of the present invention, by using the 
caulking punch 15 with a width size of 1.4 mm, trfao-rangc (0.43 
W) 0.3 mm of the respective side walls 14 from the side of 
the groove portion 13 was crushed p& a length of 2.0 mm in the 
axial line direction. 

With respect to the five vibration generating devices 
in each group obtained in this way, a pull-out test of the 
conventional vibrators 1 and the inventive vibrators 10 was 
carried out, and it was found that while the extracting force 

Ac 

(kgf) was 5.3, 4.9, 5.5, 5.5, 5.4 (average 5.3) the 
conventional vibration generating device, the extracting 
force (kgf) was 10.3, 11.0, 10.5, 10.3, 10.2 (average 10.5) 
pci the vibration generating device of the present invention** 



hat is, in spite of the fact that the caulking length in the 
axial line direction was shorter by 0.6 mm, tj>^ pull-out 

of 1 of- 

strength almost twice the conventional pull-out strength was 
A A 

obtained. 

(Second Embodiment) 

FIGS. 4 and 5 show a second embodiment of the present 
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invention* -a*kd^|ja this vibration generating device, a groove 
portion 22 having a bottom portion 22a of a substantially 
semicircular shape is formed in an eccentric load portion 21 
of a vibrator 20«s*~aR4-^ide walls 23 forming both side walls 
of this groove portion 22 are integrally formed so as to cover 
an exposed portion of a rotating shaft 24 of a motor fitted 
in the grooved 2, with an interval feeem both sides in the 
direction of an axial line 0. As a result, the groove portion 
22 of the vibrator 20 is formed to have such a size as to 
internally contain the range of a eenteer angle^l80° or more 
of the rotating shaft 24. An opening width of the groove 

portion 22 between the ofFgm^fee side walls 23 is set so that 

o£ IX), ({AJ f /0l 

a ratio (Wf^#*T to a diameter D of the rotating shaft 24 is in 

A 

the range of 0.70 to 0.95. 

As a specific example in which such a range is obtained, 
in the case where the diameter D (mm) of the rotating shaft 
24 is 0.4, 0.5, 0.6, 0,7, 0.8, 0.9 or 1.0, it is sufficient 
if the opening width W x (mm) of the groove portion 22 between 
the side walls 23 is set to 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, or 
0.9. 

As shown in FIG. 5, in a tip portion end surface 23a of 

C^*To\ iWrf crfy V>*t fvof C& v a 

the side wall 23, and at the portion^&e^pt both ends "VtcxedTj 

in the direction of the axial line O, a portion 23c .exaapt an \ * ' 

I ^ 

outer peripheral side portion 23b of the side wall 23»&ftd at 
the side of the groove^22 is caulked by a rectangular 

18 



parallelepiped caulking punch 25 from an opening side of the 
groove 22 to a bottom side, so that the above vibrator 20 is 

/v 

integrally coupled to the rotating shaft 24. At this time, 
similarly to the first embodiment, in a width dimension W of 
the tip portion end surface 23a from the side of the groove 
portion 22 -fee the outer peripheral side, the caulked portion 

23c at the side of the groove 22 is set so that it is in the 

- A 

range of 0.25 W to 0,9 W from an edge portion at the side of 
the groove 22 . 

Also in the vibration generating device having the above 
structure shown in FIGS . 4 and 5, the same function and effect 
as those of the first embodiment can be obtained, and especially 
in the vibrator 20 of the second embodiment , the groove portion 
22 of the vibrator 20 is formed to have such a size as to 

internally contain the range of a G Q nte r angle of 180 or more 
of the rotating shaft 24^ aiitiXhe opening width W x of the groove 
portion 22 is set so that the ratio A) - to the diameter D 
of the rotating shaft 24 A is in the range of 0.70 to 0.95, so 
that the vibrator 20 is firmly fixed to the rotating shaft 24 

at iX- 

>y three points ^€rf the bottom portion 22a of the groove portion 
22, and bottom portions 23d of the side walls 23 • As a result, 
it is possible to fix the vibrator 20 to the rotating shaft 

24 by) a lower caulking force. 

/v 

(Third Embodiment) 

FIGS. 6 and 7 show a vibrator 3 0 of a third embodiment^ 
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^aRd'JLn this vibrator 30 , the^whote of an eccentric load portion 

31 is formed into a shape of a truncated fan-shaped cross 
section in which a cente r portion, indicated by a dotted line 
in the drawing, of a fan shape with a M^er angle of less than 
180° is removed* By this, flat surfaces 32 are formed at the 
z^^feon^enfcer sxde of the vibrator 30, and a U-shaped groove 
portion 3 3^ in which the rotating shaft is f it^jf.is formed at 
the center of fchis* f lat portio ns 32. As a result, side walls 
34 forming both side edge portions of the groove portion 33 
are formed at both sides of this groove portion 33^ »*djkn outer 
peripheral surface 34a of the side wall 34 is formed into a 
slant flat surface shape which is continuous with an outside 
surface 31a of tfeis eccentric load portion 31-^and leads to an 
arc-shaped outer peripheral surface 31b. 

Similar^, to the first embodiment, in the flat surface 

32 which becomes a tip portion end surface of the side wall 
34, and at the ©en-tar portion e«aejw both end portionsjin the - 
axial line direction, a portion of the side wall 34, ©ataopdt 

a portion at the side of the outer peripheral surface 34a, at 
the side of the groove portion 33 is caulked by a rectangular 
parallelepiped caulking punch from the opening side of the 
groove portion 33 to the bottom side, so that the above vibrator 
30 is integrally coupled to the rotating shaft. Also in this 
vibrator 30, in the width dimension W of the flat surface 32 
from the side of the groove portion 33 the outer peripheral 
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side, the caulked portion at the side of the groove^33 is set 
so that it is in the range of 0.25 W to 0.9 W from -y*e edge 
portion at the side of the groove 33. 

Also in the vibration generating device made of the above 
structure of the third embodiment of the invention \ the same 
function and effect as those shown in the first embodiment can 
be obtained, and further, the wheie of the vibrator 30 is formed 
into the shape havxng the ee**feer angle of less than 180 ^ and 
having the truncated fun-shaped cross section in which the flat 
po - rtio -n-32 J*£ formed at the center portion. Therefore, there 
are such advantages that a metal mold shape for forming the 

a t^W^ 

vxbrator 3 0 by powder molding is simplified, and manufacture 
/\ A 

becomes easy. Further, since the center of gravity can be set 
at a position decent ered (or eccentric) from the rotating shaft 
to the outside, a desired vibration can also be obtained. 
(Fourth Embodiment) 

FIGS. 8 and 9 show a vibrator 40 according to a fourth 
embodiment of the invention and its modified example, 
respectively. The vibrator 40 has substantially the same 
shape as that shown in the first embodiment, and the CTPfcfee 
of a fan-shaped portion^eccentric from its axial line is an 
eccentric load portion 41. In the vibrator 40, a semicircular 
groove portion 43^in which a rotating shaft 42 of a motor is 
f it^fd and which has a bottom portion with a size substantially 
equal to a diameter of the rotating shaft 42^is formed at the 
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eeTHs-e-r portion of an outer peripheral arc which depicts the 
fan shape of the eccentric load portion 41. Side walls 44 



•birirgrimj from the eccentric load portion 41 in parallel with 
each other^and beeemmfg both side edge portions of the groove 00*if& 
43^are integrally formed at both side edge portions of the 
groove portion 43. 

Then, in a tip portion end surface 44a of the side wall 

octvtttaV ^.veof^ W\; t\ck ot' 

44, and at the eenfeex portion aynapt both end portions in an 
axial line direction, a portion 44c of the side wall 44vexGept- 
^vSm^i an outer peripheral side portion 44b^w»d^at the side of the 
groove 43 is caulked by a cylindrical caulking punch 45 from 
an opening side of the groove A 43 v to a bottom side, so that the 
above vibrator 40 is coupled to the rotating shaft 42. Here, 
as a result of caulking by the cylindrical caulking punch 45, 
j^hC concave caulked portions 44c formed at the tip portion end 
surfaces 44a^respectively^become substantially semi-circular, 
and are formed so that a length dimension L in the axial line 
direction at the side of the groove portion 43 becomes larger U^ym 
than a length dimension at thfS outer peripheral side. ^ov\^ 

JLn a vibrator 4 0 shown xn FIG. 9, at the eentear 
portion of a tip portion end surface 44a, a portion 44c* of . ^ 
a side wall 44 ^ewrept an outer peripheral side portion 44fc^a«*d~ 
at the side of a groov^ll^is caulked by a caulking punch 46«& 
x i«r-arHlra*^d^^ a corner portion of the caulking punch 46 l having T \L ( ^H 
a square section^is positioned a*t t^fefe outer peripheral side^, tj^> 
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so that It " Is - integrally coupled to a rotating shaft 42. 
-fcfcis, £*r& concave caulked portion 44c 1 formed by caulking with 



the caulking punch 46 is^e*]?med--int.o a triangular shape having 
a bottom side at ttrfe side of the groove 43. 

As a result, according to the above vibration generating 
devices shown in FIG. 8 and FIG. 9 , the same function and effect 
as those shown in the first and second embodiments are obtained, 
and further, the length dimensions of the caulked portions 44c 
and 44c ' are formed so that the dimension at the side of the 
groove^ 3|Where^most pmrbslaxe-^uige^ the side of the rotating 

• D 

^ i shaft 42^becom<BS larger than that at the outer peripheral side 
* functionSf|g as a wall portion when the caulked portions 44c 

and 44c ' are plastically ^fe formed^ g u—fehab the total volume o>t" t 

i 4^ 

^ ic j|f» ^m^^to be plastically deformed becomes small, and a high pull- 

out strength can be obtained fur t he r low caulking force. 

In addition, it is possible to use the caulking punch 45^which 

is easily manufactured and has the circular section, and it 

is also possible to greatly enlarge the use life of the caulking 

punches 45 and 46. 

With respect to the vibrators 10, 20, 30 and 40 in the 

first to fourth embodiments of the invention, although the 

description has been made only j>n tJie case where the eccentric 

load portions 11, 21, 31, and 41 having the substantially 

fan-shaped section or truncated fan-shape section ^as?e*ftwitted , 

the invention is not limited to this, 4**% it is possible to 

K 
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use some other modified structures including eccentric load 

portions of various shapes, for example , a substantially 

semi-circular section or the like. 

^Lso with respect to the groove portions 13, 

22, 33, and 43, the bottom portions are not limited to the 

o-f 

semi-circular shape, but they can be formed *frt£> various 
sectional shapes, such as a substantially square section or 
a substantially trapezoid sectxon. 
[Effect of the Invention] 

As described above, according to the vibration 
generating device of the small wireless machine as recited in 
any one of first to fifth aspects of the invention, since the 
vibrator can be firmly fixed to the rotating shaft of the motor 

^\cla^^ iWv^ qssocfQ'toal u*tV\ 

by a lower caulking force than the prior art, miniaturization 
A A 

and lightening of the vibrator, and miniaturization and 
lightening of the vibration generating device and the entire 

Also* 

of the small wireless machine can be realized* amd a caulking 
load can be made small and the generation of a crack of the 
vibrator can be prevented, and consequently , fctfe productivity 
of the vibration generating device can be improved^ a*td it 
becomes possible to improve the vibration efficiency by 
realization of the high specific gravity of the vibrator. 

Here, especially according to the invention as recited 
in the third aspect of the invention, the vibrator with a high 
pull-out strength can be coupled to the rotating shaft of the 
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motor by a further low caulking f orce^ a**d further, it becomes 
A 

possible to use the caulking punch which is easily manufactured 
and has the circular section, and the use life of the caulking 



setoff 



punch can be greatly eiofrga ted • 

&es4?des, according to the invention as recited in the 
fifth aspect of the invention, the groove portion of the 
vibrator is formed to have such a size as to internally contain 
the range of the e«rt*err angle of 180 or more of the rotating 



shaf W and? the opening width W x of the above groove portion 



is set so .that the ratio to the diameter D of the rotating 

shaft^is in the range of 0.70 to 0.95^ s^Wtart it is possible 

to obtain an effect that after caulking, the opening portion 

of the groove portion is further effectively filled by the 

plastic deformation of the side wall^and the vibrator can be 

firmly fixed. 

A 
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